ABSTRACT: While most gymnolaemates are restricted to waters of normal salinity, at least 3-6% are able to penetrate some distance into mixohaline water. Of this group, which includes 9 species of cyclostomes, 35 species of ctenostomes, 55 species of anascan and 21 species of ascophoran cheilostomes, the cyclostomes and the ascophorans are least tolerant of diluted sallnities, the ctenostomes and the anascans are most tolerant. Like many other groups of benthic organisms, ectoprocts show a decrease in numbers of species with decreasing salinity. Only 5 species can penetrate into waters of less than 3%0. About 20 species can be considered truly brackish-water organisms, being most abundant in mixohaline waters. Apparently these species possess some means of active osmoregulatiun, probably at the tissue level.
Introduction
The special ecological and physiological features of life in brackish waters have been reviewed many times (e.g. Remane and Schlieper 1971 ; Kinne 1964 Kinne , 1970 Emery, Stevenson and Hedgpeth 1957; Day 1951; Green 1968, etc.) Estuarine and brackish water areas are usually poor in species, and those species living there often show adaptations enabling them to cope with fluctuating or stressful environmental conditions.
Many authors have noted that stenolaemate and gymnolaematc ectoprocts are usually restricted to normal sea water (salinity roughly 35%0). Ryland (1970) and Remane (1971) have given figures for the number of species of ectoprocts in varying salinities in the Baltic area from which a graphic picture of the gradual impoverishment of species in increasingly brackish water may be derived (Fig. 1) . Remane has stressed that the dccrease in the number of species cannot be simply correlated with salinity because the environments sampled vary also in such fac1The author has published previously under the name Judith E. Dudley (Ed.). tors as substrate, depth of water, ice cover, 02 levels, etc. Salinity does, however, appear to be the major environmental factor involved.
Several early studies of estuarine ectoprocts concerned morphological variation in waters of different salinities. Winther (1877) found variations in the stenolaemate Crisia eburnea in the Baltic area which correlated with variations in salinity. Stoliczka (1869), Annandalc (1907a Annandalc ( ,b, 1908 Annandalc ( , 1911 Annandalc ( , 1915 and Robertson (1921) described several Membranipora species from Indian brackish water, with delicate walls, elaborate development of spines and a loose connection to the substrate. Robertson considered these morphological features to be effects of the low salinity environment. Loppens (1903 Loppens ( , 1905 Loppens ( , 1906 Loppens ( , 1907 described variations in spination in a brackish water species which he called Membranipora membranacea from the Netherlands, later considered to be a variety of Electra crustulenta (Borg 1931) .
Important contributions to the study of brackish water ectoprocts of the Baltic region were made by Borg (1931 Borg ( , 1936 
. Impoverishment of ectoproct species in the Baltic Sea (after data from Remane and Schlieper [1971] and Ryland [19701) . Area 1, salinity-20-30%; area 2, salinity-10-20%.; area 3, salinity-6-10%.; area 4, salinity-3-6*/**; area 5, salinity-<3*/**.
1947), who distinguished between the mainly marine species Membranipora membranacea (Linnaeus), and the morc truly brackish water species Electra crustulenta (Pallas). In the Baltic, Borg (1931) noted decrease in size and decreasing degree of calcification of zooids of Electra in more brackish water.
Hutchins (1941) studied the impact of environmental factors, especially salinity, on growth rates, colcification, and distribution of Conopeum reticulum (now identified by the author as a member of the tenuissimum-seurati group). Presence of lateral spines on the zooids was dependent on a salinity of at least 25~ Osburn (1932 Osburn ( , 1944 ) made a survey of the Bryozoa of Chesapeake Bay which has served as a classic reference on the penetration of marine ectoprocts into fresh water. Osburn described the change in the composition of the ectoproct fauna from the sea into the estuary, with ctenostomes and membraniporine cheilostomes being pro-. 9 portlonately better represented, and cyclostomes and ascophoran cheilostomes more poorly represented in the Bay than in the sea. He also stressed that while the numbers of species were reduced, the numbers of individuals of these few species could be quite large at any given locality.
Probably the most comprehensive recent review of European brackish water species is found in Gautier's 1962 monograph. He found salinity to be a principal factor in the distribution of all cheilostomes, especially harbor-dwelling species and those characteristic of the brackish circum-Mediterranean lagoons (6tangs). Gautier also noted a general improverishment of species, the occurrence of a large number of individuals of tolerant species in brackish water localities, and a change in the composition of the fauna, with the Membraniporidae, Cellularina and Ctenostomata being best able to tolerate a slight lowering of salinity, and the Cyclostomata and the ascophoran Cheilostomata being more completely stenohaline. His major contribution, however, was the description of a group of subspecies, the Conopeurn seurati group, characteristically found in the very low salinity Mediterranean lagoons, and now shown to penetrate into the Pontocaspian brackish seas as well (Zevina and Kuznetsova 1965) .
Most of the above works pertain to the European coast, especially the Baltic Sea. No comparative study has been made of ectoprocts recorded from mixohaline water in all parts of the world. Except for the above papers, the literature relating to the distribution of estuarine and brackish water ectoprocts is not easily accessible to readers since much of it is buried in fouling studies and confused by systematic revisions. In ord e r to clarify the whole pattern of ectoproct distribution with respect to salinity the author has attempted to gather all the information on such species, from faunal lists of estuarine regions, studies of the ectoprocts of various regions of the world, and from studies on fouling organisms, into a thorough survey of their distribution. Because of the confusion in species identity and the diversity of the literature, a bibliography on the ecology and distribution of these organisms has been included.
M a t e r i a l s a n d M e t h o d s
Ninety-nine studies covering 56 worldwide localities were used in constructing the tables of estuarine species and the gradients of brackish water penetration. Fig. 2 shows the location of these areas with respect to
